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mOB  BBPOBT 


1.0  PDIPOSE 


Til*  purpoa*  of  thl*  doouBoat  la  to  Idoatifj  all  of  th* 
▼arloaa  orror  ooapoa*ata(  la  th*  aoat  goaoral  o*a*,  «b*a  d*t*r- 
■laiat  11a**  of  boarlaga.  Tboa*  11a**  of  boarlag  ar*  ua*d  la 
aubaaquoat  fix  aatlaatloaa  for  aalttar*. 

2.0  SCOPE 


adsaatlal  aaauaptloaa  of  tbla  doenaaat  ara:  th*  aalttar 
la  aot  aoTlag  at  tb*  tla*  tb*  11a*  of  boarlag  la  aaaaurad;  tb* 
aaaaor  aay  b*  la  aaj  poaltloa,  froa  aartb  bonad  to  a  aoTlag 
aatalllta;  If  tb*  aalttar  la  aoTlag,  it  la  aoxlag  at  a  ooaatant 
apaad  la  ea*  dlraetloa  at  tb*  laatant  of  tb*  11a*  of  boarlag 
a«aaar«a*at. 


^^b*  tpp*  of  arrora  ooaaldarad  aaj  b*  olaaalflad  lato  aoxaral 
oatagorlaat 

Saaaor  platfora  poaltloa  aad  orlaatatloa  arrora ’ 

Saaaor  attltodOj  ^ 

iataaaa  arroraj 
Zaatrttaaatatloa  arrora'  ^ 

Tla*. 


Tb* 
rafarrad  to 


aaaaor  platfora  poaltloa  aad 
to  aa^poaltloaal  arrora  •'7 


ad  orlaatatloa  arrora  aap  b* 


Errors  duo  to  propagatloa  of foot*,  alt*  aalaotloa,  varjlag 
apartara  ▼araua  aapaet  affaots,  aad  oparator  arrora  ara  aot 
aoaaldarad  la  tbla  doeaaaat.  Alao,  arrora  duo  to  tb*  obolo*  of 
algorltbaa  or  aaaarloal  ooaputatloaa  ar*  aot  oooaldarad.  ^ 

3.0  P08ZTZ0IAL  8IB01S  OP  A  PLATPOIM 

Tb*  gaooaatrlo  aoordlaataa  aad  rafaraaoaa  ara: 

Latltttd*  i  Pbl 

Loagltttd*  0  Tbata 

Altltoda  b 

Orlaatatloa  of  aarldlaa  plaaaCDlraotloa  of  lortb) 

Tbaaa  aoordlaataa  ar*  baat  daaerlbad  bj  tb*  dlagraa  la  flgur*  1. 
Tba  gaograpble  latltud*  la  aaaaarad  poaltlva  froa  tb*  aqaator 
tawarda  tb*  lortb  Pol*  la  dagraaa.  Tba  gaograpblo  loagltad*  la 
aaaaarad  poaltla*  froa  tb*  prla*  aarldlaa  at  Qraaawlob  toward* 
tba  laat  la  dagraaa.  Tba  altltud*  1*  aaaaarad  froa  tba  aaaa  aaa 
laaaKtba  gaold)  la  aatara  aad  la  poaltlva  la  a  dlraatloa  away 
froa  tba  aaatar  of  tb*  aartb.  Tba  pbyaleal  aoaroaa  of  arrora  la 
tbaaa  paraaatara  will  dapaad  largaly  oa  tb*  aoara*  of  tba  data 
aaad  to  datarala*  tboa. 
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3.1  Cartographic  errors: 

The  circles  of  longitude  and  latitude  may  be  transforned  by 
projections  onto  planes*  cones  or  cylinders  thus  forming  military 
maps(see  reference  1).  A  map  is  a  source  for  a  multitude  of 
potential  errors.  These  errors  depend  on  the  bow  the  map  is 
used.  Errors  in  visual  bearings*  measured  with  the  aid  of  a  map* 
encompass  all  of  the  potential  errors  that  concern  this  report. 
Also  the  spherical  aberations  due  to  projecting  the  surface  of  a 
sphere  onto  a  two  dimensional  surface  adds  to  the  potential 
errors  that  concern  this  report.  Features  of  a  map  are  usually 
represented  by  lines  and  symbols  that  are  larger  than  the  fea¬ 
tures  they  represent.  Nap  makers  commonly  over  simplify  complex 
features  e.g.*  very  curvey  roads  and  isobars  of  contour.  Visual 
bearings  and  radio  conqpass  bearings  are  always  used  in  conjunc¬ 
tion  with  a  map.  Lorandong  range  radio  navigation)  is  always 
used  with  maps  containing  the  hyperbolic  lines  of  equal  light 
time  differences  between  pairs  of  special  fixed-base  transmit¬ 
ters.  Tacan  (tactical  air  navigation)  is  a  DBF  polar  coordinate 
navigation  system  using  a  pulse  technique  to  determine  the  dis¬ 
tance  from  the  ground  station.  The  ground  station  then  uses  a 
rotating  antenna  to  obtain  both  course  and  fine  bearing  informa¬ 
tion.  This  Tacan  position  estimate  is  then  referenced  to  a  map 
to  find  a  final  position  estimate. 

3.2  Geodetic  errors: 

The  the  shape  of  the  earth*  excluding  the  land  masses*  is 
called  the  "geoid* .  The  geoid  may  be  defined  as  an  equal  potent¬ 
ial  surface  about  the  mean  level  of  the  oceans  where  the  direc¬ 
tion  of  gravity  at  every  point  is  perpendicular  to  the  surface. 
Because  the  earth's  shape  is  almost  an  oblate  spheroid*  the 
intersections  of  the  "great  circles”  of  longitude  are  close  to 
the  shape  of  ellipses.  Because  of  variations  in  the  density  of 
the  earth's  constituants  and  the  irregularity  of  their 
distribution*  the  geoid  generally  rises  over  continents  and  is 
depressed  in  oceanic  areas.  It  also  shows  various  other  bumps 
and  hollows  that  depart  from  an  "average  smoothness”  by  as  much 
as  60  m  (see  reference  3*  page  34).  The  oblateness  of  the 
spheroid  shows  a  difference  between  the  astronomical  latitude  and 
the  geocentric  latitude  (see  figure  3)  which  is  about  11  minutes 
of  arc  (20  km)  at  its  maximum  in  the  vicinity  of  the  forty  fifth 
parallel  (see  reference  4).  Because  of  these  eccentricities* 
great  effort  must  be  expended  so  that  determinations  of  position 
will  be  consistent  everywhere. 

Field  soldiers  and  mobile  units  often  have  to  depend  on 
magnetic  cooqpasses  for  determining  bearings.  Although  this  is 
one  of  the  oldest  means  of  taking  bearings*  it  can  be  very  inac¬ 
curate.  The  compass  tends  to  point  almost  towards  the  nearest 
magnetic  pole.  However  the  magnetic  poles  are  about  three  kilo¬ 
meters  from  the  geographic  poles.  Furthermore*  the  two  poles* 
North  and  South*  are  not  even  symmetrically  placed.  And  to 
complicate  this*  there  are  local  variations  over  all  the  earth's 
surface.  This  angle  that  the  compass  makes  with  the  true  geo- 
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fraphlo  ■•rldlftB  is  eallBd  th«  •d«ellaBtloB«  of  tho  eoapmoo.  Tbo 

doellBBtlOB  Bt  BB7  OBO  lOOBtlOB  dOOB  BOt  FOBBIB  th#  BBS#  JOBF 
Bftor  poor  BBd  OhBBtBB  BOBOWbOt  OBOF  lOBg  poriOdB  Of  tlBB.  Bo- 
BldBB  tbOBB  BO-OBllOd  BBOttlBr  ObBBgOB,  tbOFO  BFB  TBriBtiOBB  Vltb- 
iB  tbo  poor  BBd  BlBO  BBBZI  ObBBgBB  Of  BBglO  tbrOUgbOUt  tbO  dBP. 
LBFgB  orratlo  TBrlBtloBB  eeour  durlBg  *BBgBBtlo  BtorBB*.  Tboso 
BterBB  or#  oftoB  eoBourroBt  vltb  tbo  oppoBroBoo  of  OBBopotB. 

YBriBtioBB  froB  BtorBB  Bro  iBfroqttOBt  OBOUgb  BBd  tho  other 
▼BrlBtlOBB  ore  ouffleloBtlp  Blow  tbot  It  1b  prBOtlool  to  publlBb 
BBPB  of  OOUBtriOB  BBd  OtbOF  lorgo  OrOBB  BbOWiBg  the  BBgBOtiO 
doellBBtlOB.  Ob  tbOBO  BOpB,  polBtB  of  OqUBl  BBgBOtiO  dOOllBBtlOD 
ore  ooBBootod  bp  llnoo.  Boob  wlgglp  IIbo  1b  lobolod  with  tho 
BBOttBt  BBd  dlrOOtlOB  Of  tbO  BBgBOtiO  dOOllBBtlOB.  TbOBO  IIbOB 
oro  OBllod  iBOgOBlO  llBOB.  Tbo  iBOgOBle  llBO  of  BOrO  BBgBOtle 
doellBBtlOB  iB  iBdlOBtOd  bp  B  bOBWp  llBO,  BBd  iB  OBllOd  tbO 
BgOBlO  llBO.  NbPB  Of  BBBllor  BFOB  lodlOBtO  tbO  BBgBOtlC 
doellBBtlOB  IB  tbOlr  lOgOBd  bp  BB  BFFOW  polBtlBg  tO  tbO  BBgBOtlO 
Bortb  BBd  iBbOllod  With  tbo  WBlttO  Of  tbo  BBgBOtle  doellBBtlOB  iB 
dogrooB.  Tbo  BBgBOtiO  llBOB  Of  foFoo  oro  BOt  porollol  to  tho 
OBrtb*B  anrfoeo,  osoopt  oloBg  tho  iBdoflolto  elrolo  oollod  tbo 
BBgBOtle  oquBter.  Tbo  oBglo  tbo  BOgBotlo  field  Bokoo  with  b 
horlSOBtBl  plBBO  la  OBllod  tbo  dip  BBglO  or  tbo  BBgBOtle 
iBOllBBtlOB. 

3.3  ZBOrtlBl  BBTlgOtlOB: 

Tbo  four  ooordlBBtoa  of  poBltloB  eoo  bo  BOlBtolBod  bp  o 
BUltoblp  doBlgBOd  iBortlBl  plotforB.  There  will  bo  OBBOotlollp 
throe  tppoB  of  orroro:  tbo  boalo  roBOlutlOB  of  tbo  iBortlol 
plotfora}  tho  ooeuroop  of  tbo  iBltlBllsotloB;  OBd  tbo  rote  of 
drift.  TlBO  boooBoa  o  erltleol  footor  boeouBo  of  tblo  drift. 

b.O  ATTZTUDI  IIII0R8 

Tbo  throe  attitude  oeordlBotoo  orot 
Roll  Aoglo  •<  Blpbo 

Fltob  Aoglo  yg  bote 

Tow  ABglo  Y  gOBBB 

Figure  2  aorToa  to  doflBO  ooeb  of  tbooo  oogloa.  Tbooo  ore 
tbo  BtBBdard  lulor  augloB  aa  doflood  bp  a  "right  baod"  rule. 
BowoTor  It  Bhould  bo  Botod  that  tbo  algo  of  tboao  OBgloa  warp 
eoBBldorablp  throughout  publlabod  lltoroturo.  8oo  Kora  aad  Kero, 
roforooeo  2,  aoetloo  1A.10-6«  for  a  dlaouBBloB  of  tbla  ooordlBBto 
apotoB  BBd  tbo  dlworao  oholoo  of  algoa.  Zb  bobo  alrboro  apatoBa 
tbOBO  poBltloBBl  ooordlBBtoa  are  llBltod  bp  proaot  atopa  wbleb 
BBp  iBtrodueo  aoB-llBoar  orrora. 

b.1  CorrolBtloBB  botwooB  attitude  aad  poaltloBBl  ooordlBBtoa i 

With  a  ouraorp  ozBBlBBtloa  of  tboao  alz  ooordlBBtoa,  It  la 
apparoBt  that  orrora  la  throe  of  tbOB  will  produoo  tho  larger 
orrora.  Ab  error  1b  paw  aaglo  aloao  will  produoo  a  dlTorgoaoo  of 
tbo  BBlButb  aaglo  of  boarlag.  Tbla  aslButb  error  will  alwapa  bo 
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quit*  olo*«  Id  ■DgDltttdD,  But  oppoDitD  iD  DigD,  to  th«  T«v  Drror. 
Errors  In  longitude  and  Istitudo  will  produes  sn  srror  In  ths 
position  of  tbs  lino  of  bosring  ss  s  funetion  of  ths  ssiautb 
snglo,  but  this  doss  not  offset  the  ssiautb  sngls,  Zf  tbs  ssiautb 
snglo  is  in  tbs  rioinity  of  ssro  or  1 80  dsgrsss,  sn  srror  of 
longitude  will  bs  rsflsotsd  dirsetly,  snd  of  nssrly  tbs  sons 
Tslus,  in  tbs  longitude  of  tbs  fis  sstiastions.  At  ssiautb 
angles  of  90  snd  270  degress,  tbs  line  of  bearing  snd  oonssqusnt- 
ly  tbs  fixes  are  unsffsotsd  by  errors  in  longitude.  Tbs  effects 
of* errors  in  latitude  are  analogous  in  tbeir  effeot  but  displsoed 
by  90  degrees. 

Zt  is  not  so  obrioua  that  an  error  in  tbs  three  reasining 
ooordinstes(altitude,  roll,  and  pitob)  should  hare  any  effeot  on 
tbs  line  of  bearing.  Indeed  an  error  in  altitude  alone  should 
only  obange  tbs  slant  range  and  baxe  no  effeot  on  tbs  line  of 
bearing.  BovsTer  when  ooupled  with  errors  in  roll  and  pitob, 
there  is  a  definite  aatbeaatioal  relation  or  ooupling.  The 
signifioanoe  of  an  error  in  altitude  reaains  to  be  STSluated. 
Errors  in  roll  and  piteb(wblob  bare  less  effsot  on  tbs  error  of 
the  fix  estiaste  than  yaw,  longitude  and  latitude)  directly  cause 
errors  in  ssiautb  angle  on  the  line  of  bearing. 

5.0  AETEMHA  EREOBS 

Orientation  with  respect  to  the  platfora 

Difference  between  the  aecbanioal  axis  and  BP  axis 

Besa  width 

These  two  antenna  errors  are  directly  related  to  the  plat¬ 
fora  attitude  coordinate  errors.  Zn  foot  tbs  orisntation  of  tbs 
antenna  with  respect  to  the  plstfora  and  the  differeaoe  between 
the  aecbanioal  axis  and  the  BP  axis  ars  best  described  by  Euler 
angles.  Zf  tbs  axis  defining  these  coordinates  are  obosen  origi¬ 
nally  in  ooinoidenoe,  first  order  approsiastions  will  serre  to 
ooaslderably  siaplify  the  aase  of  trlgonoaetrlo  funotioas  relat¬ 
ing  these  angles.  These  three  Euler  angles  osn  be  identified  as 
pitob,  roll  and  yaw.  Por  saall  errors  in  those  angles,  tbs 
errors  asy  be  siaply  added  to  the  oorrespondlng  pletfora  angles. 
Zt  should  bs  noted  at  this  point  that  tbs  RP  boresigbt  error  is  a 
fuaotion  of  the  radio  frequency. 

Beaa  width  is  alwsys  a  funotion  of  the  antenna  geoaetry  and 
frequeaoy.  A  phased  antenns  systea's  beaa  width  will  xary 
ooasiderably  with  obange  in  aspect  angle. 

6.0  ZB8TBDMEETATZ0E  ERRORS 

Bias  (Systeastio  errors) 

Boise  (Rsadoa  errors) 

Bias  errors  are  systeaatlo  errors  suob  as  boresite  errors, 
parallax  errora  in  iastruaent  readings,  and  besel  errors  for 
exaaple.  Biss  errors  ars  usually  ainiaised  by  oalibratioa 
procedures. 
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lols*  •rrors  ar«  du«  to  raadoa  pbonoaonoo  oueh  ••  roeolvor 
Bolso.  Tbis  noloo  Boraallj  produooo  rondos  orroro  In  bonrlnsn  by 
ineronnlnc  tbo  roglon  of  uaoortnintj  vboa  dotomlalng  tbo  nlnlnn 
of  n  nignal  or  tbo  obnngo  in  alga  froa  tba  pbaaa  of  a  aignal. 
Tbara  aro  aany  toobnlquaa  of  aiaialslng  tba  affoota  of  aolaa 
dopaadlag  on  tbo  aouroa  and  aaturo  of  tbo  aolaoCaoo  roforoaoo  5). 
Zb  bigb  froquoBoy  roeoloora,  tbo  roeoiTor*a  *froBt  and*  la  a  blgb 
aouroa  of  tboraal  aolaa,  ao  tba  blgb  gala  raqulrad  la  uaually 
obgalaad  aftar  bataradjalng  to  a  lovar  fraquanoy  or  aftar  furtbar 
dataetlon  at  tba  •roar  aad*.  Coaaonly  tba  band  paaa  of  flltarlag 
la  raduoad  to  tba  alnlaua  that  will  not  datarlorata  tba  laforaa- 
tloa  ooatant*  Tba  affaot  of  lapulaa  aolaa  anob  aa  aolaa 
aaaaatlag  froa  alaotrloal  Igaltloaa  oaa  ba  alalalsad  by  aaplltuda 
ollpplng  Just  aboaa  tba  signal  laral. 

7.0  IRBOB  TABULATZOR 

Tba  Itaas  la  tba  •TABULATZOR  OP  BBBOB  BDDOBT*  ara  llatad  la 
ordar  of  priority  aa  a  rafaranoa  abaa  poaalbla.  Tba  aora  lapor- 
tant,  aeeurata,  or  rallabla  Itaaa  ara  llatad  first.  Por  asaaplo, 
la  an  alrborna  aanaor,  tba  pilot  dapaada  on  tba  laartlal  platfora 
to  oontol  tba  alroraft.  Rowavar  ba  ulll  ooBtlBUOualy  aoaltor  tba 
laartlal  platfora  by  obaeklag  bla  otbar  aora  ooBvaatlonal  flight 
laatrttaaata  auob  aa  altlaatars  and  attltuda  aaasors.  Parlodloal- 
w  tba  pilot  vlll  aaka  rafaranoa  to  a  aap. 

Tba  apaolfleatloaa  and  tolaraaoaa  alll  always  laelnda  tba 
UBlta.  Tba  azaet  aaaalag  of  tba  spaolf loatlon  and  tolaraaoa 
ooluaas  will  dapaad  oa  tba  laatruaaat  iBTolwad. 
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1*  USAICSf  Softwar*  Analjala  and  ManagaBant  Sjataa, 

•Aaalyala  of  Gaographlo  TraBaforaation  Algorlthaa*,  Jat 
Fropulaion  Laboratory,  FaaadoBa,  CA,  09  July  1985 

2.  lorn  aBd  lorB,  "Mathaaatloal  BaBdbook  for  Selaotlata 

aod  BBfloaara*,  Saoood  Bdltloo,  MoGrav-Blll  Book  Co.. 

1968 

3*  lobiBBOB,  A.,  Bala,  B,,  Morriaoa,  J.,  "BlaBaBta  of 

Cartography*,  Fourth  BditloB,  Joha  Vllay  A  Bobo,  Zbo., 

1978 

h.  Baart,  V.  M. ,  "Taxt-Book  ob  Bpharloal  AatroBoay*,  Caa- 

bridga  UBlraralty  Fraaa,  1962 

5.  ButohiaaoB,  C.  L.,  "Tha  ABBL  Baadbook  for  tha  Badlo 

Aaataur*,  Aaarloaa  Badlo  Balay  Laagua,  Baviogtoa,  CT,  1985 


VMCLASSiriSD 


TABPLATIOII  OF  KllOlt  BDDGET 


CLASSIFICATION 

SPECS 

TOLER 

FIXED  SENSORS 

1.  Station  positional  orrora 
a.  Lonsltuda  _  . 

b.  Latltuda 

e.  Altitude 

d.  Referanee  aerldianf North) 

2.  Antenna  errors 
a.  Meebanleal  orientation 

b.  Difference  between  ■eohanleal  azla 
and  HP  azla  ,  ,  ,  , 

3.  Inatruaent  errors 
a.  Bias  (systenatlo  or  secular  errors ) 

b-  Noise  randoe  errors, 

MOBILE  AND  PORTABLE  SENSORS 

1.  Cartographic 
a.  Lonzltude 

b.  Latitude 

c.  Altitude 

2.  Bearings 
a.  Magnetic  coapaaa 

b.  Radio  direction  finder  „ 

AIRBORNE  SENSORS 

1.  Inertial  platfora 
a.  lonaltude_  _ 

b.  latitude.  _  _  . 

0.  altitude 

d.  True  North 

e.  Roll 

f.  Pitch  .  .  _  _ 

z-  Taw 

h.  RatesCTBD)  __ 

2*  Altlaeters 
a.  Baroaetrlc 

b.  Radio  _ 

3*  Coapaaa 
a.  Gpro-coapasa 

b.  Radio  coanass 

0.  Maznetlo  ooanaaa 

A.  Attitude  aenaora 
a.  Needle  and  ball 

(turn  and  bank  indicator). 

b.  Artificial  horizon., _ 

0.  Situation  indicator, . .  _ 

5.  Cartographic 
a.  Lonzltude 

b.  Latitude  , 

0.  Altitude  .... 
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rigurt  3.  Th*  O*oitf  and  Latltud*. 


